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Modification of an electrode surface with a film that exhibits potential dependent 
dynamic functions has been drawn much attention to promise various applications.  
Organic thin films of the molecules possessing a weak interaction site with the electrode 
surface frequently show reversible structural changes in response to the change of the 
electrode potential, including adsorption/desorption and reorientation.  Amphiphiles 
bearing a long alkyl chain and a 4-pyridyl terminal group have often been used in the 
study of the potential-driven phase changes [1,2], because the 4-pyridyl group as an 
adsorption functional group shows potential dependent adsorption/desorption and 
reorientation change. 
In the present study, we focused on the use 
of structural changes of 4-pyridyl derivative 
amphiphile as an adsorption underlayer on a 
single crystal Au(111) electrode surface to 
control the structural changes of the overlayer 
films or liquid as a function of potential.  
Structural changes of the underlayer film, such 
as desorption, re-adsorption, and phase 
transition between close-packed and 
loose-packed states, may have a large amplitude 
of switching ability in terms of surface 
properties and electronic double layer structures 
at the electrode/solution interface.  For example, affinity of the overlayer to the 
underlayer surface as well as interfacial tension can be controlled through the electrode 
potential, triggering the structural changes of the overlayer.  To experimentally address 
this issue, we placed a water-immiscible organic liquid droplet on the monolayer of 
N-4-pyridinyl-hexadecanamide (C15-CONH-Py, Scheme 1) on a Au(111) electrode 
 
Scheme 1.  Structures of compounds 
used in the present work. 
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surface.  The changes of the shape and 
contact angle of the droplet as well as the 
wettability of the underlayer in response to 
the potential change were monitored.  In 
fact, the changes of the shape of the droplet 
on the electrode surface are regulated by the 
potential induced structural changes of 
C15-CONH-Py underlayer. 
We are also interested in a 
heterogeneous bilayer, which consists of two 
different insoluble amphiphiles possessing 
different strengths of interaction to the 
surface.  The structure of the heterogeneous 
bilayer may be determined by the difference 
of adsorption strength of head group to the 
surface, regardless of the initial order of the 
bilayer build-up procedure.  We found that 
the heterogeneous bilayers, which initially 
built-up in two different orders, exhibit 
almost the same potential dependent behavior (Fig. 1), suggesting that the bilayers 
change into a unique structure spontaneously or by potential control.  Implication and 
mechanism for reorganization processes to transform the bilayer structure from the 
initial structure into the most stable structure will be discussed. 
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Fig. 1.  Differential capacitance-potential 
curves for heterogeneous bilayers which are 
built up on a Au(111) electrode surface in 
two different orders.  Dashed line, initial 
underlayer consists of 1-pyridin-4-yl- 
hexadecan-1-one (C15-(C=O)-Py, Scheme 1) 
and overlayer does pentadecyl 4-pyridyl 
ether (C15-O-Py, Scheme 1); dotted line, 
initial underlayer consists of C15-O-Py and 
overlayer does C15-(C=O)-Py; solid line, 
bare Au(111) electrode.  Electrolyte solution 
was 0.05 M KClO4 + 2 mM KHCO3. 
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